Banding techniques on metaphase chromosomes of Vicia arropurpurea were carried out and nuclear DNA content in root meristematic cells was determined by cytophotometric analysis. Feulgen absorptions at different thresholds of optical density provided evidence of the organization of the chromatin in interphase nuclei and permitted an evaluation of the cytophotometrically determined heterochromatin amount. These results corroborated the analysis of the banding patterns.
Introduction
The heterochromatin of higher plants has often been studied for taxonomical and phylogenetical relationships. Indeed, changes in genome size accompanying evolution and/or speciation are mainly due to an increase or decrease of the highly repeated DNA component that can be partly represented by cytological heterochromatin. C-banding is generally supposed to distinguish euchromatin and constitutive heterochromatin by cytological techniques (Sumner, 1990) . Interphase chromocentres formed from constitutive heterochromatin also show a positive staining reaction, but facultative heterochromatinized chromosomes do not give positive C-banding (Verma, 1988) .
Other banding techniques are useful to localize and differentiate different types of heterochromatin such as centromeric heterochromatin, NOR-associated heterochromatin and noncentromeric heterochromatin. Some fluorescent dyes or combinations of fluorescent dyes and appropriately chosen counter-stains can be used to characterize heterochromatin cytologically and to discriminate C-bands enriched in AT or GC base pairs (Schweitzer 1979 (Schweitzer , 1981 .
The structural organization of the interphase nucleus has long been studied (Nag!, 1979; Nag! & Fusenig, 1979; Anamthawat-Jonsson & HeslopHarrison, 1990 ) and the amount of condensed Correspondence: Professor R. Cremonini, Dipartimento di Scienze Botaniche, Università di Pisa, Via L. Ohini, 5, 1-56126 Pisa, Italy.
chromatin, expressed as the number and/or area of chromocentres, has been used as a parameter for heterochromatin determination (Havelange & Jeanny, 1984; Patankar & Ranjekar, 1984a; Hilliker & Appels, 1989; Samod etal., 1992) .
The genus Vicia comprises about 120 species and speciation in this genus is accompanied by variation both in chromosome size and number and nuclear DNA content. In previous papers Cremonini and co-workers have reported biochemical and cytophotometric data on relationships between Vicia species belonging to the Faba section (Cremonini cx' al., 1 992a; Frediani cx' a!., 1992) . In this connection it is of interest to analyse the nuclear DNA content, the banding patterns and the chromatin organization evaluated by cytophotometry at different thresholds of optical density of Vicia arropurpurea and compare these results with the data from Viciafaba.
Materials and methods

Chromosome banding
Seeds of V. atropurpurea were soaked in running tap water overnight and germinated in Petri dishes at 22°C until secondary roots were about 1 cm long. Root meristems were pre-treated with a paradichlorobenzene saturated solution for 2 h at 12°C in a water bath. After washing, they were fixed in ethanol-acetic acid Cremonini et a!. (1992a) was used. Squashes of the root tips of Vicia faba were concurrently stained for each group of slides and used as internal standards; Vicia faba was used to convert relative Feulgen arbitrary units into picograms of DNA. Feulgen DNA absorption in early prophase was measured at a wavelength of 550 nm using a Leitz MPV 3 microscope photometer equipped with a mirror scanner and an The values of the thresholds of optical density were mathematically elaborated in order to obtain the exact position of the inflexion point in the curves and it was possible to discriminate between two areas of integral calculation using Simpson's rule. The residual Feulgen absorption at the inflexion point represents the cytophotometrically determined condensed chromatin.
The integral calculation was carried out on the best-fit curves obtained by three curves of optical density for each sample.
Results
Banding
The karyotype of Vicia atropurpurea: with one sate!-lited, three submetacentric and three subtelocentric chromosomes it resembled that reported by Chooi (1971) . C-banding showed a low heterochromatin content. The number of bands was limited and their distribution was mainly centromeric (Fig. la) . Also the interphase chromocentres were limited in number and extent. Three chromosomes showed telomeric bands on the short arms. The satellited chromosome was highly heterochromatic, showing differential staining at both telomeres and at interstitial sites.
Fluorochrome staining allowed us to distinguish three different classes of heterochromatin whose distribution is summarized in Fig. 1(b) . Six chromosomes possessed type 1 while the satellited chromosome showed all the three types (Fig. 2 a-d, 2 b-e). Type 1 of heterochromatin reacted positively to C-banding but did not show any reaction to either fluorochrome. On the Sat-chromosome it was present at the telomeric and centromeric regions of the satellited arm. Type 2 reacted positively to C-banding and to CMA3, but showed quenched fluorescence after DAPI staining: on the Sat-chromosome the region of the satellited arm involved in the secondary constriction showed this pattern. Type 3 was shown by both DAPI and C-banding, but showed reduced fluorescence after CMA3 staining: on the Sat-chromosome this banding pattern was present at the centromeric and the telomeric regions of the non-satellited arm. None of these classes showed a differential reaction after H33258 staining (Fig. 2c) .
Cytophotometry
The nuclear DNA content of early prophases and the surface area of interphase nuclei are summarized in Table 1 . From the analysis of hydrolysis curves the optimal time was 7 mm where the highest DNA content was recorded. 
Discussion
Heterogeneity of heterochromatin has been shown in plant material by various banding techniques (Filion, 1980; D'Amato, 1986; Pignone eta!., 1989; Galasso & Pignone, 1991) . In the genus Vicia, similar heterogeneity of heterochromatin has been shown by various Greilhuber(1975) showed different patterns when stained with C-or Hybanding, and Rowland (1981) showed variable expression of particular segments with different banding techniques indicating the existence of several classes of heterochromatin, Perrino & Pignone (1981) demonstrated that the C-banding and the H33258 patterns coincided in several species of the section Faba, such as V. faba, V. bithynica, and all the species of the V. narbonensis group. In the metaphase chromosomes of V faba the banding pattern prodUced by H33258 was similar to that produced by Quinacrine (Perrino & Pignone, 1981) ; moreover a comparison between the Q-bands and the C-bands has shown that many bands are visible with both techniques on the M and on the S chromosomes (Vosa & Marchi, 1972; Pignone & Attolico, 1980) . In addition, nucleolar organizers and associated heterochromatin displayed very brilliant fluorescence with CMA3 and showed negative fluorescence after DAPI staining (Schweizer, 1976) confirm- ing the heterogeneity of heterochromatin in plants.
After sequential fluorescent staining of metaphase chromosomes of V. atropurpurea by fluorochromes with opposite base specificity, the heterochromatin has been shown to have a specific reaction that clearly differentiates it from that of the species of section Faba (Perrino & Pignone, 1981) . Indeed, in Vicia atropurpurea the C-banded heterochromatin has no differential reaction with H33258. This behaviour might be due to a different organization of the chromatin which does not favour the binding of H33258 to DNA. Even though the cytophotometric determination of nuclear DNA by the Feulgen method is subject to certain problems (Greilhuber, 1986 (Greilhuber, , 1988 we have tested both a different fixation (4 per cent formalin) and hydrolysis in SN HCI at room temperature for 30 mm and shown that the different methods gave comparable measurements of nuclear DNA content.
Our determination of nuclear DNA content (4C= 14.71 pg) differs from the value reported by Chooi (1971) but this divergence may be due to the different methods of determination: biochemical vs. cytophotometric by an integrating microdensitometer.
The nuclear DNA amounts are not correlated with chromosome number confirming the previous results on Vicia species of Raina & Rees (1983) and Frediani et al. (1992) .
The determination of the nuclear chromatin fractions with different condensation levels by cytophotometric analysis at different thresholds of optical density is used as an alternative approach to the banding method as used by Patankar & Ranjekar (1984b) for the determination of the heterochromatic fraction.
We have chosen only interphase nuclei from the meristematic portion of the root since the percentage of heterochromatin is higher and constant in meristematic cells than in differentiated cells (Kononowicz et al., 1983; Bassi, 1990 and references therein).
Since the instrument at lower thresholds of optical density reads all the chromatin, i.e. both less condensed and more condensed chromatin, and at higher thresholds only the more condensed chromatin fraction, we formulate the hypothesis that the residual Feulgen absorption at the inflexion point may represent the cytophotometrically determined heterochromatic component.
The position of the inflexion point, obtained by mathematical elaboration, may correspond to 'the cutoff point' of Havelange & Jeanny (1984) that separates the condensed from the dispersed chromatin. The determination of 'the cut-off point' is due to the interpretation of the investigator and our method may be considered a more objective determination. V. atropurpurea shows less heterochromatin when compared with V. faba, 34.53 and 43.92 per cent, respectively. This lower quantity is also shown both by banding and by the reduced numbers of chromocentres in interphase nuclei.
In plants, the study of the condensed chromatin, which covers a variety of chromatin fractions with different molecular characteristics, such as highly repeated DNA sequences, may be useful in phylogenetic studies.
